The histidine uptake by bacterial strain HIS 42 was determined with [U-"4C]-histidine and through oxygen uptake experiments on samples taken from a histidine-limited chemostat. The uptake of [U-14C]histidine was characterized by a saturation constant of 12.8 to 78.6 nM histidine. At higher growth rates, the measured maximum uptake rate of histidine was lower than the actual uptake rate in the culture. The percentage of respired substrate (76 to 93%) was about 30 to 40% higher than the comparable value for the culture. The uptake of histidine as analyzed through the measurement of oxygen uptake rates was characterized by a saturation constant of 1.7X to 10.5 ,iM histidine; the maximum uptake rate was always greater than the actual histidine uptake rate in the culture. By the application of the two cited methods, set up to determine the histidine uptake kinetics, two different uptake processes were analyzed. It appeared that the determination of the histidine uptake through measurement of the oxygen uptake rate showed a better reflection of the actual uptake process of histidine in the culture. With the available data it was impossible to assess a correlation between the uptake of histidine, as determined with [U-_4C]histidine, and the actual metabolism of the bacterial population.
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In any ecosystem research dealing with nutrient cycles or energy flow it is necessary to assess the activity of the microbial population. It is possible to apply several methods to determine the uptake of organic compounds in natural aquatic environments (10) .
The oxygen consumption method involves the incubation of a water sample in the dark at in situ temperature. The oxygen consumption rate can be determined from the initial oxygen concentration and the oxygen concentration at the end of the incubation period. By applying a suitable conversion factor, the uptake rate of organic carbon can be calculated.
Parsons and Strickland (6) introduced a technique for the measurement of heterotrophic activity in natural waters, applying "C-labeled substrates. This technique, modified by Hobbie and Crawford (3) , is widely employed now. A known amount of a "C-labeled organic com- pound is added to a water sample. After incubation at the in situ temperature, the uptake is stopped by the addition of acid. Carbon dioxide evolved from the oxidation of the substrate is fixed on filter paper that has been impregnated with a carbon dioxide-fixing compound. After filtration of the sample, the carbon incorporated in structural cell material can be determined by measuring the radioactivity of the residue on the membrane filter. After measurement at several substrate concentrations, the uptake rate is plotted versus the added amount of substrate. A hyperbolic relationship indicates that the uptake of dissolved organic matter by the bacterial population obeys Michaelis-Menten kinetics. Applying an appropriate linear transformation of the Michaelis-Menten plot (1, 12) , the maximum uptake rate (Vmx), the turnover time, and the summation of the natural substrate concentration (Sn) and the saturation constant (Kt) for the substrate applied can be assessed. After the determination of the natural concentration, Kt can be calculated. The maximum uptake rate is interpreted as a relative value for the population that is able to utilize the added substrate.
As has been indicated already by Jannasch (4), the significance of the parameters derived from this method seems doubtful. His criticism is based on the lack of evidence that justifies the application of the Michaelis-Menten kinetics to the uptake of nutrients by the natural population.
Moreover, the growth constant K8 (concentration of the growth-limiting substrate at which growth proceeds at half the maximal rate), de-termined in chemostat experiments, varies for organic substrates in the micromolar range (7). The same holds good for the Km value (substrate concentration at which uptake rate proceeds at half the maximal rate) for the active transport of organic compounds through the cell membrane (5). The Kt value, as determined in field experiments with "C-labeled organic compounds, varies, however, in the nanomolar range (9) .
To obtain information about the relation between the Kt value and bacterial growth processes, a bacterial strain was grown in a histidinelimited chemostat. The growth parameters K. and 1mA,. (maximum specific growth rate) of the test organism at growth in a histidine-limited chemostat were determined. Then the uptake rate of histidine can be calculated from the usual steady-state equations (7) . Thus the chemostat culture functioned in the research presented in this paper as a model system in which the uptake of the growth-limiting substrate can be calculated.
The uptake of histidine was determined experimentally by measurements according to the technique described by Hobbie and Crawford (3) and by determination of the oxygen consumption rate. Then it was possible to compare the histidine uptake kinetics, as determined with "C-labeled histidine and the oxygen consumption method, with the histidine uptake as calculated from the chemostat equations.
MATERIALS AND METHODS
Organism and culture conditions. The bacterial isolate (HIS 42) calculated from the dilution rate, the histidine concentration in the medium reservoir, and the biomass carbon in the culture.
To assess the influence of dilution on the uptake kinetics, an uptake experiment was performed with undiluted culture samples (chemostat culture at D.= 0.05 h-') at an incubation period of 45 s after a 15-min starvation. Also, at these experimental conditions, a concentrationindependent uptake rate of histidine was found ( Table 2 ). The measured uptake rate (0.20 to 0.23 ,umol per mg of C per h) was much lower than the uptake rate in the culture (1.51 ,umol per mg of C per h) and is equal to approximately 14% of the actual uptake rate of histidine in the culture. The uptake rate is also relatively lower than the uptake rate as measured in the experiment cited in Table 1 , where the uptake rate was about 60% of the actual uptake rate in the culture. This may be due to the very short incubation time of 45 s. It is quite improbable that in this time period an isotopic equilibrium is attained, resulting in an underestimation of the uptake rate.
In Table 3 the results of uptake experiments at histidine concentrations in the nanomolar range are summarized in relation to some culture parameters. The percentage of respired carbon in the culture was calculated from the organic carbon incorporated in bacterial cell material and the organic carbon content of fresh medium in the reservoir, as computed from the amino acid determinations. At all dilution rates applied, no histidine could be detected in the culture supernatant.
In the nanomolar range the uptake rate is bAs determined from the biomass carbon in the culture.
clearly dependent on the substrate concentration, as is illustrated by the very low Kt values (12.8 to 78.6 nM). Kt has, to some extent, a tendency to increase with rising growth rate. The measured maximum uptake rate at the specific growth rate of 0.01 h-1 is higher than the histidine uptake rate in the culture, and at the specific growth rate of 0.05 h-1 it is nearly equal to the histidine uptake rate in the culture. Between specific growth rates of 0.10 and 0.13 h-1 the measured maximum uptake rate is considerably lower than the histidine uptake rate in the culture. The experimentally determined percentage of respired substrate is about 30% higher than the comparable value for the culture.
The results of the oxygen uptake experiments are presented in Table 4 . The maximum oxygen uptake rates were converted to histidine uptake rates assuming that 51% of the histidine taken up was respired (cf. Table 3 ). Determination of the histidine uptake rate through measurement of the oxygen uptake rate at histidine concentrations in the micromolar range demonstrates an uptake process with a saturation constant of 1.7 to 10.5 ttM histidine. The maximum histidine uptake rate, in all experiments, was higher than the uptake rate in the culture.
DISCUSSION
Measurements of the activity of the heterotrophic bacterial population in natural waters with the application of 14C-labeled organic compounds generally demonstrate an uptake process characterized by a saturation constant in the nanomolar range (9) . The (Table 3 ). These phenomena indicate that the relation between the uptake process, as meas-ured with '4C-labeled organic compounds, and the growth of the bacterial population is questionable.
In Fig. 1 the uptake kinetics for samples from a chemostat run at D = 0.1 h-1, as was determined by the uptake of "'C-labeled histidine,
were compared with the uptake kinetics as analyzed by measurement of the oxygen uptake rate. To compare these two techniques, it is important to assess that the oxygen uptake after histidine addition represents only histidine respiration and not the oxidation of other internal metabolites. From the total amount of oxygen taken up after the complete consumption of the added histidine, the fraction of respired histidine was calculated. This percentage of respired substrate varies from 30 to 45%, which is roughly comparable to the values of about 50% for the chemostat culture as reported in Table 3 . Consequently, the oxygen uptake as measured in the reported experiments was attributed to the oxidation of histidine only. Figure 1 clearly illustrates the great difference in the outcome of the two techniques applied for the measurement of histidine uptake. The saturation constant for the uptake of histidine as analyzed by the measurement of the oxygen uptake rate varies from 5.6 to 10.5 ,iM histidine, which is in the same order of magnitude as the saturation constant for growth (20 AM histidine) in a histidine-limited chemostat. In all experiments the maximum uptake rate exceeded the actual histidine uptake rate in the culture, which is a commonly observed phenomenon in carbonand energy-limited cultures of microorganisms (2) .
In the uptake experiments with"'C-labeled histidine a constant percentage of the substrate taken up was respired. This means that the same Kt value will be obtained if only the 1"CO2 production rates are used in the calculation of Kt. The saturation constant for the uptake of histidine as analyzed by the oxygen uptake experiments (Ko,) reflects histidine transport and the subsequent oxidation. The same processes are encompassed in the measurement of the '4CO2 evolved from the oxidation of "C-labeled histidine. Accordingly, the saturation constants, Kt and K02, are comparable and should be of the same order of magnitude. However, the values of these parameters as calculated from the described experiments differ by two orders of magnitude.
In Fig. 2 the maximum uptake rates as determined by the mentioned methods were compared with each other in relation to the specific growth rate of the organism. The presented lines were computed from the data by regression analysis. Covariance analysis at the 0.05 confidence level indicated that the lines run parallel and that there is a discrete distance between the lines. This correlation indicates that both parameters represent a relative measure of the potential heterotrophic activity of the bacterial population (12) . Upon reviewing the results of this study, the conclusion seems justified that with the application of the two cited methods, set up to determine the histidine uptake kinetics, two different uptake processes were analyzed (Fig. 1) . Determination of the histidine uptake through measurement of the oxygen uptake rate appears to show a better reflection of the actual uptake and respiratory process of histidine in the culture than does the method using '4C-labeled histidine. The results confirm the criticism of Jannasch (4) concerning the interpretation of the parameters obtained by application of "4C-labeled compounds to determine heterotrophic activity in natural waters. With the data available it is impossible to assess a correlation between this uptake process and the growth of the bacterial population.
